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1. Background
85 percent of YM drift tunnels will be 
constructed in lithophysal volcanic tuff
Rock behavior depends on porosity
Limited experimental data exists to characterize 
rock porosity and dependencies on properties 
such as σc , E, and n.
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Previous Project (Task 27)
Analog Rock (Plaster of Paris) Testing
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Previous Project (Task 27)
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Previous Project (Task 27)
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 Results of Specimen Tests
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Yucca Mountain Tests
 Deformation Modulus
y = 20.245e-4.1815x
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10.5 and 11.5-in lithophysal tuff lab tests, room dry
PFC2D (AR=2:1, Davg=17.1 mm, 166-mm circles)
PFC3D (AR=2:1 cyl, Davg=52.3 mm, 166-mm spheres)
UDEC (AR=1:1, Davg=17 mm, 90-mm circles)
PFC2D (Stenciled lithophysae from panel maps, 1m X 1m)
10.5 and 11.5-in lithophysal tuff lab tests, saturated
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Yucca Mountain Tests
 Uniaxial Compressive Strength
y = 52.167e-5.9159x
R2 = 0.943
y = 38.467e-4.792x
R2 = 0.9898
y = 51.648e-6.202x
R2 = 0.9344
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10.5 and 11.5-in lithophysal tuff lab tests, room dry
PFC2D (AR=2:1, Davg=17.1 mm, 166-mm circles)
PFC3D (AR=2:1 cyl, Davg=52.3 mm, 166-mm spheres)
UDEC (AR=1:1, Davg=17 mm, 90-mm circles)
PFC2D (Stenciled lithophysae from panel maps, 1m X 1m)
10.5 and 11.5-in lithophysal tuff lab tests, saturated
DOE Task 13 Briefing January 11, 2007 12
2. Purpose
Find an analog rock similar to YM tuff
Carry out a systematic experimental study to 
determine the affects of lithophysal geometry on 
the properties of a strong analog rock.
Obtain data to help validate YM numerical 
models and assumptions
*  Details of task plan worked out with DOE, BSC, 
and UNLV personnel
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3. Methodology
 Task 1: Experimental Test Plan
 Task 2: Analog Rock Material Scoping
 Task 3: QA Specimen Preparation
 Task 4: QA Uniaxial Compressive Testing
 Task 5: Analysis of Results including 
some numerical modeling
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Experimental Test Plan
 Material Selection: Hydro-StoneTB®
 YM Solid Rock Æ E = 20 GPa, σc= 60 MPa
 Plaster of Paris Æ E=0.34 GPa, σc=11.7 MPa
 Hydro-StoneTB Ave. E=16 GPa (2.3x106 psi)
 Hydro-StoneTB Ave. σc= 55.0 MPa (8000 psi)
 Hole patterns
 Circular, Square, Diamond
 Random locations to mimic actual rock
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Experimental Test Plan
A                      B                      C
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Experimental Test Plan
Circular Hole
Pattern A Set
12 x 3 = 36 blocks
Pattern B: 36 blocks
Pattern C: 36 blocks
Circular total: 108
Square hole blocks: 24
Diamond blocks: 24
Solid blocks: min 7
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QA Uniaxial Compression Tests
 NDOT Test Facility
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4. Experimental Results
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QA Uniaxial Compression Tests
 Progressive Failure, Repeatability
E Æ 9.95 GPa 7.40                8.58
σc Æ 11.4 MPa 11.6                13.2
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QA Uniaxial Compression Tests
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Results
Best Fit Young's Modulus (25-50%) vs Void Porosity
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Helps Validate YM Model ?
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Results
UCS vs Void Porosity
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QA Uniaxial Compression Tests
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Helps Validate YM Model ?
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Helps Validate YM Model ?
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Results
UCS vs Best fit curve (25-50%)
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5. Future Work
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Future Work – This Task
 For Task 13:
 Submission of Data (Electronic)
 Some numerical modeling
 Final Report
 Future study as part of UNLV Theses:
 Seek understanding! Bridge length analysis
 Explore problems with YM numerical model
 Study progressive cracking (stress 
redistribution modeling and significance)
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Future Work – New
 Tensile Hydro-StoneTB Tests:
 No tests exist for lithophysal rock
 Needed to produce Rock Failure Criterion for 
lithophysal rock (none exist)
 Needed to carry out applications in analog rock
 Confined Tests of Hydro-StoneTB
 Rock Bolt Performance in Lithophysal Rock
 Characterization of Ballast/Fill Material Derived 
from Lithophysal Rock
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Reference Slides
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Drift Proportions
 Lithophysal Rock comprises 85%
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Hoek-Brown Failure Criterion
 Non-lithophysal Rock (Tptmn, Tptln)
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Reliance on Numerical Modeling
 Tensile, Triaxial Tests are numerical only
Solid Rock Lithophysal Rock
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Numerical Rock Criterion
 Hoek-Brown Criterion: Lithophysal Rock
UCS
